Mammalian target of rapamycin (mTOR) functions as a master sensor of nutrients and energy, and controls protein translation and cell growth. Deletion of phosphatase and tensin homolog (PTEN) in adult CNS neurons promotes regeneration of injured axons in an mTOR-dependent manner. However, others have demonstrated mTOR-independent axon regeneration in different cell types, raising the question of how broadly mTOR regulates axonal regrowth across different systems. Here we define the role of mTOR in promoting collateral sprouting of spared axons, a key axonal remodeling mechanism by which functions are recovered after CNS injury. Using pharmacological inhibition, we demonstrate that mTOR is dispensable for the robust spontaneous sprouting of corticospinal tract axons seen after pyramidotomy in postnatal mice. In contrast, moderate spontaneous axonal sprouting and induced-sprouting seen under different conditions in young adult mice (i.e., PTEN deletion or degradation of chondroitin proteoglycans; CSPGs) are both reduced upon mTOR inhibition. In addition, to further determine the potency of mTOR in promoting sprouting responses, we coinactivate PTEN and CSPGs, and demonstrate that this combination leads to an additive increase in axonal sprouting compared with single treatments. Our findings reveal a developmental switch in mTOR dependency for inducing axonal sprouting, and indicate that PTEN deletion in adult neurons neither recapitulates the regrowth program of postnatal animals, nor is sufficient to completely overcome an inhibitory environment. Accordingly, exploiting mTOR levels by targeting PTEN combined with CSPG degradation represents a promising strategy to promote extensive axonal plasticity in adult mammals.
Introduction
Following injury, axonal remodeling in the form of collateral sprouting of spared axons that compensate for lost circuits represents a key mechanism by which behavioral functions are recovered (Schwab, 2002; Weidner and Tuszynski, 2002; Fouad et al., 2011) . For instance, in the case of spinal cord injury (SCI), clinical lesions are often anatomically and functionally incomplete, and thus compensatory sprouting of uninjured axons represents an important mechanism for functional recovery. Such axonal regrowth is robust after injury in postnatal animals but diminishes with age.
Mammalian target of rapamycin (mTOR) is a protein kinase that controls ribosome biogenesis and protein translation (Laplante and Sabatini, 2012) . The level of mTOR activity in CNS neurons declines during development (Park et al., 2008) , correlating with the decrease in their regrowth ability. We and others have demonstrated that deletion of phosphatase and tensin homolog (PTEN) or tuberous sclerosis proteins 1/2 in several different types of CNS neurons enhances axonal regeneration, an effect inhibited by mTOR blockade (Park et al., 2008; Abe et al., 2010; Byrne et al., 2014) . In contrast, others have reported minimal roles of mTOR in promoting axon regeneration in sensory neurons (Christie et al., 2010) , indicating that neurons under different conditions may employ mTOR-dependent or independent mechanisms to trigger axonal regrowth. Overall, although the role of mTOR in regulating regeneration of injured axons has been extensively studied, whether mTOR plays a general role in promoting axonal remodeling by compensatory sprouting of uninjured axons is unclear.
The aims of the present study were twofold. Using a pyramidotomy model in which one side of corticospinal tract (CST) is severed; first, we examined the loss of mTOR function in regulating compensatory sprouting of intact CST axons in postnatal animals and in young adult animals under different growth promoting conditions. Second, we assessed whether coupling PTEN/mTOR modulation with degradation of chondroitin proteoglycans (CSPGs), a potent extrinsic inhibitor of axon regrowth (Davies et al., 1997; Barritt et al., 2006; Crespo et al., 2007; Harris et al., 2010; Lee et al., 2010a; Jefferson et al., 2011; Zhao et al., 2011; Takeuchi et al., 2013) enhances sprouting in an additive or synergistic manner.
Materials and Methods
Animals. All experimental procedures were performed in compliance with protocols approved by the IACUC at University of Miami. Animals used were C57BL/6, PTEN f/f mice (The Jackson Laboratory; 006440), Rosa26 loxP-stop-loxP-tdTomato (Rosa-tdTomato; a generous gift from Dr Fan Wang, Duke University) and PTEN f/f ;Rosa-tdTomato. AAV preparation. For making adeno-associated viruses (AAVs), the cDNA of Cre was inserted downstream of the CMV promoter/␤-globin intron enhancer in the plasmid pAAV-MCS (Stratagene), containing the AAV serotype-2 (AAV2) inverted terminal repeats and a human growth hormone polyA signal. pAAV-RC (Stratagene) that encodes the AAV2 genes (rep and cap) and the helper plasmid (Stratagene) that encodes E2A, E4, and VA were used for cotransfection in 293T cells to generate recombinant AAV. Plasmids were then used to produce AAV2 (1-4 ϫ 10 13 particles/ml) at the University of Miami Viral Vector Core. AAV injection and BDA labeling. Female PTEN f/f ;Rosa-tdTomato or Rosa-tdTomato mice aged 4 -5 weeks were anesthetized with ketamine/ xylazine (100 mg/15 mg/kg, i.p) and injected with a total of 1-2 l AAV into the left sensorimotor cortex at the following six sites: 0.5 and 0.1 mm anterior, and 0.3 mm posterior; 1.2 and 2.2 mm lateral (in reference to bregma). To label CST axons using biotinylated dextran amines (BDA), 1-2 l of BDA (10%, Invitrogen) was injected into sensorimotor cortex 2 weeks before euthanasia (Lee et al., 2010b) .
Pyramidotomy. For pyramidotomy, mice were anesthetized with ketamine/xylazine. The procedure is similar to that described previously (Lee et al., 2010b; Liu et al., 2010) . Following craniotomy of the occipital bone using laminectomy forceps to expose the underlying pyramidal tract of mice (Starkey et al., 2005) , a micro feather scalpel was used to puncture the dura and lesion the entire right pyramidal tract.
ChABC delivery. Immediately after pyramidotomy, mice received either 6 l protease-free Chondroitinase ABC(ChABC; Sigma-Aldrich; 10 U/ml in saline) followed by a 3 l saline flush, delivered as a bolus injection via the intracerebroventricular cannula tubing as described previously (Starkey et al., 2012) . Control-treated mice were treated with vehicle (9 l of saline). Further injections were performed on days 2, 4, 6, 8, and 10 following pyramidotomy. Briefly, the skull was exposed and a hole made with a 25 gauge needle at the following coordinates: Ϫ0.5 from bregma, 1 mm lateral to the midline. An intracerebroventricular cannula (Alzet) was inserted into the hole and secured into place using super glue (Loctite). The skin was then sutured over the cannula leaving the tubing exposed.
Rapamycin administration. Rapamycin was obtained from LC Laboratories, dissolved at 20 mg/ml in ethanol. Before each administration, rapamycin was diluted in 5% Tween 80, 5% polyethylene glycol 400 (0.5-1.5 mg/ml). Rapamycin at 6 mg/kg or the vehicle was given intraperitoneally on the day of pyramidotomy and every third day until euthanasia.
Tissue processing and immunohistochemistry. Tissue processing and immunohistochemical procedures were performed as described previously (Liu et al., 2010; Sun et al., 2011) . Mice were killed and transcardially perfused with 4% paraformaldehyde. Tissues were isolated and postfixed in the same fixative overnight at 4°C. Tissues were cryoprotected in 30% sucrose and serial sections (16 -25 m) were collected. To detect BDA labeled fibers, coronal sections were washed in PBS and detected with streptavidin-AlexaFluor 594 (Invitrogen). To detect tdTomato signal, sections were immunostained overnight at 4°C with rabbit red fluorescent protein antibody (RFP; 1:200 dilution; Rockland). Other antibodies used were rabbit p-S6 (1:200 dilution; S235-236; Cell Signaling Technology), Mouse NeuN (1:500 dilution; Millipore), and rabbit PTEN (1:200 dilution; CST).
Assessment of lesion and CSPG degradation. Cryosections from spinal cord 10 d after pyramidotomy were incubated with anti-C-4-S (ICN) followed by incubation with secondary antibody (Jackson ImmunoResearch; Starkey et al., 2012) . To determine the degree of unilateral pyramidotomy, sections from spinal cord at 4 weeks after injury was immunostained with an antibody against PKC-␥ (1:50 dilution; Santa Cruz Biotechnology; Starkey et al., 2012) .
Axon counting. For quantifying total labeled CST axons, axons were manually counted at the level of medulla oblongata proximal to the pyramidal decussation. Axons were counted in four rectangular areas randomly placed in the pyramidal tract and this axon density was multiplied by the total area of the tract to obtain the total number of labeled axons. This was done for two sections placed 160 m apart and then the two counts were averaged to obtain the final number for each animal. To count the sprouted axons, two vertical lines, adjacent and 500 m lateral to the central canal were drawn, and fibers crossing each line were manually counted in each section. The results were presented after normalization with the number of counted CST fibers at the medulla level: sprouting axon number index is represented as the ratio of the total number of sprouted axons in the denervated spinal cord over the number of labeled axons at the level of medulla. At least three sections were counted for each animal and averaged together.
The numbers of animals used for quantifying the degree of axonal sprouting. Animals with profound lack of tdTomato labeling in the cortex and medulla (1-2 animals per group), most likely due to injection errors were excluded from analysis. For the final quantification in Figure 4 , the numbers of animals used per group are as follows: 8 (for "sham," "Pxϩrapamycin," "PxϩPTEN KOϩrapamycin" and "PxϩChABCϩrapamycin"), 10 (for "Px only"), and 13 (for "PxϩPTEN KOϩrapamycin). For the quantification in Figure 7 , the numbers of animals used per group are as follows: 7 (for "sham" and "Px only"), 8 (for "Pxϩrapamycin"), and 9 (for "shamϩrapamycin). For the quantification in Figure 8 , the numbers of animals used per group are as follows: 8 (for "PxϩPTEN KO"), 10 (for "Px only" and "PxϩChABC"), and 12 (for "PxϩPTEN KOϩChABC").
Statistics. GraphPad Prism software was used for statistical analyses. Values were calculated as mean ϩ SEM. For sprouting axon number index, two-way repeated-measures ANOVA was used, followed by Bonferroni post hoc test. Values of p Ͻ 0.05 were considered significant.
Results

Assessment of PTEN deletion-induced axonal regrowth in Rosa26-tdTomato reporter mice
Recent studies have identified several neuron intrinsic factors that limit axon regeneration. For instance, AAV-Cre-mediated PTEN deletion in neonatal animals followed by pyramidotomy in young adults resulted in enhanced axonal sprouting (Liu et al., 2010) . We sought to further define the effects of PTEN deletion and the role of its key downstream effector mTOR in axonal sprouting responses. In the previous study, PTEN f/f mice received AAV-Cre injection into sensorimotor cortex, followed by BDA injections several weeks later (Liu et al., 2010) . However, even multiple BDA injections were only able to label axons in 20 -50% of PTEN deleted-neurons (data not shown), thus limiting faithful assessment of PTEN-deletion effects. To study axonal phenotype specifically in PTEN-deleted neurons, we tested AAV-Cre that also expresses enhanced green florescent protein (EGFP), which can be used to label axons in place of dye tracers. However, EGFP labeling was weak in terms of both the number of labeled axons and signal intensity (data not shown). Alternatively, we crossed PTEN f/f mice with Rosa-tdTomato to generate PTEN f/f ;Rosa-tdTomato mice, allowing simultaneous gene deletion and axon labeling via Cre-mediated recombination. Because even very low expression of Cre is sufficient to recombine lox sites, AAV-Cre should yield efficient axon labeling. Indeed, injections of AAV-Cre into the cortex of RosatdTomato or PTEN f/f ;Rosa-tdTomato mice led to transduction of cortical cells as revealed by Tdtomato immunostaining as early as 7 d after injection (Fig. 1A) and, importantly, efficient labeling of the CST in the brain and spinal cord by 2 weeks (Fig. 1B-F ) . In PTEN f/f ;Rosa-tdTomato mice, immunohistochemistry performed at 7 and 14 d after AAV-Cre injection shows deletion of PTEN in tdTomato-expressing cells in the cortex (Figs. 2 A, B) . 
Axonal sprouting and mTOR-dependency in young adult mice
We set out to determine whether PTEN deletion in CST neurons of young adult mice (4-5 weeks of age) enhances compensatory sprouting, and if so, whether mTOR is required. PTEN f/f ;RosatdTomato, or Rosa-tdTomato mice received AAV-Cre injection, followed by unilateral pyramidotomy 1 week later. Some of these animals also received rapamycin treatment to block mTOR activity. Rapamycin's efficacy in inhibiting mTOR in cortical neurons was validated by the decrease in p-S6 immunoreactivity, a commonly used marker of mTOR activity (Fig. 3A) . The completeness of lesion was assessed by the degree of loss of PKC␥ immunostaining in the lesioned CST tract (Lee et al., 2010b; Starkey et al., 2012) . We find that the lesion results in drastic loss of PKC␥, confirming the severity of pyramidotomy (Fig. 3B) . As assessed by immunofluorescent visualization of tdTomato labeled-axons 4 weeks after injury, PTEN deletion elicited significant increase in trans-midline sprouting of CST axons from the intact side into the denervated side compared with the wild-type injured mice (Figs. 4A-I ) . Thus, these results extend the previous study (Liu et al., 2010 ; in which PTEN was deleted in neonatal animals) to show that PTEN deletion in young adult mice is also sufficient to enhance axonal sprouting. Furthermore, we found that inhibition of mTOR in cortical neurons via rapamycin treatment significantly inhibited sprouting in PTEN KO mice; at two different distances (i.e., Mid and Z1) away from the central canal, sprouting was markedly reduced in mTOR-inhibited animals (Figs. 4A-I ) . The total numbers of tdTomato-labeled axons in the brainstem at the level of medullar oblongata were similar among the different animal groups (Figs. 5 A, B) , indicating that rapamycin treatment per se does not affect the degree of axonal labeling, and that differences in sprouting axon number was not due to differences in axon labeling efficiency. Overall, these data indicate that mTOR is critically involved in promoting axonal sprouting in PTEN KO animals.
We observed that pyramidotomy per se in young adult mice also increases sprouting compared with sham-operated animals (Figs. 4A-I ), indicating that CST neurons at this age possess some degree of sprouting capacity Baseline mTOR activity is detected in the young adult CST neurons (Fig. 6A) . Thus, we examined whether endogenous mTOR is required for the spontaneous sprouting. Indeed, mTOR inhibition reduced the spontaneous sprouting in the young adults; the extent of reduction was more drastic in the areas distant (i.e., Z1) to the midline (Figs. 4A-I ).
Inactivation of CSPGs has been shown to enhance axonal regrowth after SCI (Cafferty et al., 2007; Tom et al., 2009; Lee et al., 2010a; Alilain et al., 2011; Zhao et al., 2011; Starkey et al., 2012; Takeuchi et al., 2013) . We also examined whether mTOR is required for enhanced sprouting in CSPG-inactivated animals, without PTEN deletion. To this end, Rosa-tdTomato mice received AAV-Cre injection and intracerebroventricular delivery of ChABC, an enzyme that degrades the inhibitory glycosaminoglycan side-chains. To validate CSPG digestion, tissues were immunostained with anti-C-4-S antibody, which detects digested disaccharide "stubs" but not the intact chondroitin sulfate. ChABC led to intense C-4-S immunofluorescence in the cervical spinal cord of animals with unilateral lesion while no obvious signal was evident in animals with saline treatment (Fig. 3C) , confirming CSPG degradation. Consistent with the previous report (Starkey et al., 2012) , ChABC enhanced sprouting of intact CST axons after pyramidotomy compared with the animals receiving pyramidotomy and intracerebroventricular delivery of saline (Figs. 4A-I ) . Inhibition of mTOR led to a small reduction in the number of sprouting axons at the "Mid" area close to the midline in ChABC animals. A more drastic re- duction was found at the "Z1" area distal to the midline (Figs. 4A-I ).
mTOR is dispensable for compensatory sprouting of CST axons in postnatal mice
Consistent with the idea that mTOR correlates with neurons' capacity to regrow axons, mTOR activity is high in postnatal day (P)7 cortical neurons compared with young adult mice (Fig. 6A) . A previous study has reported that a unilateral pyramidotomy given at P7 mice results in extensive spontaneous sprouting of CST axons (Liu et al., 2010) . Next, we examined whether mTOR is also involved in this form of sprouting in postnatal animals. Similar to that seen in young adult mice, phospho-S6 immunoreactivity shows effective blockade of mTOR after rapamycin treatment in the layer V neurons (Fig.  6B) . Importantly, the total numbers of labeled axons in the brainstem at the level of medullar oblongata were similar among the different animal groups (data not shown). Consistent with the previous report (Liu et al., 2010) , we observed extensive axonal spouting 4 weeks after injury in animals receiving pyramidotomy at P7, (Figs. 7A-E) . Interestingly, despite mTOR inhibition, the degree of sprouting was not affected compared with pyramidotomyonly animals. In fact, we observed more sprouting in rapamycin-treated animals, though this increase was not statistically significant (Figs. 7A-E) . Together, these data indicate that mTOR is not required for extensive compensatory axonal sprouting in postnatal animals.
Coinactivation of PTEN and CSPGs additively enhances axonal sprouting
Our results show that immature neurons spontaneously mount robust sprouting responses regardless of mTOR level. In adult animals however, robust sprouting likely require comodulating multiple neuron intrinsic pathways (i.e., PTEN/mTOR and others). Alternatively, comodulating PTEN/mTOR and environmental inhibitors may yield greater effects. To examine the effects of coinactivating PTEN and CSPGs, we generated PTEN f/f ;Rosa-tdTomato mice receiving both AAV-Cre and ChABC. This cotreatment (i.e., PTEN KO/ChABC) led to marked increases in the number of sprouting axons compared with either treatment alone; at 4 weeks after pyramidotomy, there was ϳ2-fold increase in the number of Tdtomatolabeled sprouting axons in the PTEN KO/ChABC group compared with either single treatment groups, indicating additive effects by targeting both PTEN and CSPGs (Figs. 8A-E) . Furthermore, we observed that many of the tdTomato-labeled sprouting axons in the PTEN KO/ChABC animals that are in close contact with the motor neurons colocalize with presynaptic marker, Vglut1 (Figs. 8 F, G) , suggesting that newly formed collaterals in PTEN KO/ChABC animals are capable of forming synapses in the denervated spinal cord.
Discussion
Due to its function as a master sensor that integrates extracellular signal to regulate protein synthesis, enhanced regeneration seen after neuronal overactivation of mTOR has been attributed partly to enhanced protein translation and efficient provision of building materials required for new axons. While several studies have elicited the function of mTOR in promoting long distance regeneration of transected axons, whether mTOR is also involved in compensatory axonal rearrangement after injury remained unclear. Overall, we observed that young adult mice are more dependent on mTOR than postnatal animals. In postnatal stage, neurons may be capable of compensating for the loss of mTOR by triggering multiple signaling pathways relevant to axonal growth, and in promoting axonal sprouting. Both mTORdependent and -independent mechanisms of axon regeneration have been demonstrated in previous studies (Christie et al., 2010) where regeneration induced by cytokines relied on JAK/STAT3 but not on mTOR pathway (Sun et al., 2011) . Therefore, mTOR, STAT3, and other signaling pathways relevant to axonal growth may be highly active in immature neurons, but not in the adult neurons (Lang et al., 2013) and facilitate sprouting. Of note, whereas short distance sprouting close to the midline is modestly reduced by mTOR inhibition, the lengthy sprouted axons normally seen in areas distant to the midline are eliminated in many animals, indicating that mTOR may play a partial role in initiating early growth responses but a more central role in sustained axonal elongation. Such distinct requirements for mTOR in different stages of axonal growth (axonal initiation vs elongation) has been reported previously in retinal neurons (Leibinger et al., 2012) . There is also the possibility that the uncrossed CST running in the ipsilateral white matter may contribute to the axonal sprouting in the Z1 area. Thus, an alternative explanation is that the effect of rapamycin on reducing sprouting in the Z1 region after pyramidotomy and ChABC treatment may be due to its effect on the uncrossed dorsolateral CST axons innervating this region.
We note that systemic rapamycin treatment would have had global effects and inhibit mTOR activity in cell types other than CST neurons including other CNS neurons, as well as glial cells and therefore, the impact on sprouting could be attributed to non-cell autonomous effects. Interestingly, systemic rapamycin treatment has shown previously to induce neuroprotection and improved functional recovery after contusive SCI (Kanno et al., 2012; . Thus, mTOR may mediate different biological functions in different cell types to influence pathophysiology after SCI. In the context of axonal plasticity, we find that mTOR inhibition in young adults has an adverse impact on sprouting responses. Given that systemic administration of rapamycin could potentially exert cytotoxic effects (Law, 2005) , there is a possibility that the reduction in axonal sprouting seen in young adult mice may be due to reduced cell viability and axonal transport of tdTomato. However, this is unlikely because we observed no obvious neuronal death in the motor cortex of rapamycin-treated animals. Furthermore, the total numbers of labeled axons in rapamycin-treated animals were similar to that of vehicle-treated animals, indicating that the rapamycin treatment does not diminish axonal labeling. Importantly, in postnatal animals, rapamycin treatment did not reduce the degree of axonal sprouting, further indicating that rapamycin's potential toxicity does not contribute to reduction seen in the young adult animals.
Studies in the past have used AAV vectors to label regrowing axons in place of dyes Blackmore et al., 2012) . In this present study, we took advantage of AAV-Cre-mediated recombination in Rosa26 reporter mice for labeling axons, thus obviating the need for subsequent labeling with anterograde dyes. Given that injections of dyes can only label a portion of CST neurons that are infected previously with AAV vectors, and the sensitive nature of Cre recombination, the use of reporter mice should allow more precise assessment of PTEN deletion effects than dye tracers. However, we observed that the tdTomato signal in axons made them appear much thinner compared with what we have typically observed using BDA, and the number of axons detected in at the level of cervical spinal cord to be generally lower than that reported in our previous study using BDA (Liu et al., 2010) . This difference could be attributed to bona fide difference in the number of axons in the cervical spinal cord, but a more likely reason is a technical one where BDA signal was detected with a much more sensitive method (using tyramide signal amplification). García-Alías et al., 2011; Zhao and Fawcett, 2013; Zhao et al., 2013; Kanno et al., 2014) . However, whether combined targeting of neuron intrinsic (PTEN) and extrinsic (CSPG) can have additive effects on supraspinal axonal growth has not been directly addressed. We observed significant enhancement in the degree of sprouting when both PTEN and CSPGs were inactivated simultaneously. This effect was close to the sum of the effects of each treatment alone, indicating an additive action of the two manipulations. Consistently, we previously observed that the onset of robust axonal regeneration in the injured mice optic nerve after PTEN deletion in adult retinal ganglion cells coincide with the onset of spontaneous decrease of CSPG level in the lesion, indicating the potent growth-inhibitory effect of CSPGs on the axons of PTEN deletedneurons (Park et al., 2008) .
Although our data indicate that mTOR is involved in promoting sprouting induced by PTEN deletion or CSPG digestion, the extent to which these mechanisms are shared between these two cases is not clear and mTOR likely represents one of many different intracellular factors that could regulate axonal sprouting. In our study, we show that axon sprouting after ChABC treatment is reduced by rapamycin. This was unexpected because rapamycin was supposed to target neuron intrinsic mechanisms, whereas ChABC was supposed to target extrinsic mechanisms. However, we do not believe that ChABC is directly triggering increased mTOR activity in neurons. Rather, it seems that certain neurons have a basal level of mTOR-dependent growth capacity that enables them to sprout in response to CNS injury. This sprouting is enhanced further once extracellular inhibitory factors, such as CSPG, are removed. However, in the absence of this basal level of growth capacity, such as after rapamycin treatment, neurons are no longer capable of sprouting and thus do not respond to the removal of inhibitory molecules in the extracellular environment.
Collectively, our findings specify distinct mTOR requirement in postnatal and young adult CNS neurons for inducing axonal sprouting. Although the mechanisms underlying this disparity await future elucidation, our findings raise the possibility that the mechanisms allowing extensive sprouting in postnatal CNS neurons are rather distinct and more versatile compared with their young adult counterparts. We also demonstrate, for the time, that coinactivation of PTEN and CSPGs further improves collateral sprouting of CNS axons, indicating that mature neurons receiving PTEN deletion possess confined ability to fully overcome environmental inhibition, and require simultaneous CSPG inactivation for a more robust effect. This requirement to target both neuron intrinsic and extrinsic mechanisms will be especially important in promoting functional recovery after more complex injuries, such as those to the spinal cord where there are multiple inhibitory barriers against axon regeneration. In "Px only" and "PxϩChABC" animal groups, AAV-Cre was injected into Rosa-tdTomato mice, whereas in "PxϩPTEN KO" and "PxϩPTEN KO/ChABC" groups, AAV-Cre was injected into PTEN f/f Rosa-tdTomato mice. "Px only" and "PxϩPTEN KO"groups received intracerebroventricular delivery of saline. E, Quantifications of crossing axons counted in different regions normalized against the numbers of tdTomato-labeled CST axons (n ϭ 8 -12/group). F, G, Low-magnification coronal sections of the C5 spinal cord showing gray matter of a pyramidotomized PTEN KO/ChABC mouse at 4 weeks after injury, stained for CST axons (RFP, red), vGlut1(white), and neurons (NeuN, green). F, Enlargement of box in F showing Vglut1 ϩ RFP ϩ (tdTomato ϩ ) axons. G؆, Enlargement of box in G showing Vglut1 ϩ RFP ϩ terminals around a neuron. Asterisk indicates significantly different to "PxϩPTEN KO" and "PxϩChABC" groups; p Ͻ 0.0001. #Indicates significantly different to "PxϩPTEN KO" ( p Ͻ 0.01) and "PxϩChABC" ( p Ͻ 0.0001) groups; n ϭ 8 -12/group; two-way repeatedmeasures ANOVA followed by Bonferroni post-test. Error bars indicate SEM. Scale bars: A-D, 500 m; A-D, A؆-D؆, F, G, 100 m.
